Male Wistar rats were subjected to a differential Pavlovian fear conditioning procedure in which one of two tones (6 or 10 kHz) was followed by an electric shock (CS/) and the other was not (CS-). Before 
INTRODUCTION
Over the past decades, animal studies have outlined the neural circuitry involved in fear conditioning (see LeDoux, 1995 LeDoux, , 2000 Maren, 2001 , for reviews). Auditory fear conditioning is a form of Pavlovian conditioning in which a tone, the conditioned stimulus (CS), is followed by an electric shock, the unconditioned stimulus (US). After several CS-US pairings, the animal has learned that the presence of the CS predicts the US. This predictive relationship is reflected in the ability of the CS to evoke a conditioned response (CR) like freezing (for example, Fanse|ow, 1989 ).
The amygdala is a key structure of the neural circuitry underlying fear conditioning. Sensory information about the CS reaches the amygdala via a direct thalamic and an indirect thalamo-cortical route. Both the thalamic and cortical projections terminate in the lateral nucleus of the amygdala (LA) (LeDoux et al., 1991) . From the LA, information is passed to the central nucleus of the amygdala, which in turn sends efferent projections to several hypothalamic and brainstem nuclei that produce the behavioral, physiological, and endocrine responses characteristic of fear (Veening et al., 1984) . The thalamic route is believed to perform (C) (Rogan & LeDoux, 1995) and the cat (Collins & Par6, 1999 . Furthermore, the enhancement of this component is believed to reflect an endogenous form of long-term potentiation that underlies fear conditioning, and a step-by-step account of the cellular processes underlying this potentiation has recently been given (Blair et al., 2001 (Collins & Par6, 2000) and in an anticipatory fear paradigm (Par6 & Collins, 2000) . Furthermore, in rats, Kuniecki et al. (2002) (Paxinos & Watson, 1998 Experimental procedure Pre-conditioning. The first phase consisted of a single session. Each rat was placed inside the experimental box and connected to the recording equipment. Background white noise (70 dB) was used to mask irrelevant laboratory sounds. The rat was first given 30 min to explore the novel environment, after which the EEG recording was initiated. A 6-kHz tone and a 10-kHz tone were repeatedly presented during the session. Except for acoustic frequency, the tones had the same stimulus parameters" both had a rise and fall time of 10 ms, a 5-s duration, and a loudness of 80 dB. Each tone was presented 200 times; the interstimulus interval varied randomly between 8 and 12 S (average: 10 s). The tones were presented in a random order, with the restriction that no more than two consecutive tones had the same frequency. The presentation of all 400 stimuli took about h, after which the rat was disconnected from the recording cable and returned to its home cage.
Conditioning. During the conditioning sessions, (the first was initiated 90 min after the preconditioning session), 2 rats were placed inside the experimental box, separated from each other by vertical stainless steel bars. Conditioning thus took place in pairs. The rats stayed in the experimental box for 15 min before the initiation of the conditioning trials. The rats then received a differential tone-conditioning schedule, using the tones from the pre-conditioning session. One tone was paired with a foot shock (CS+); the other was not (CS-). For Group 1, the CS + was the 6-kHz tone and the CS-was the 10-kHz tone; for Group 2 this relation was reversed. The US, which was presented at CS + termination, had an intensity of 0.5 mA and a duration of 0.5-s. A 3-min (range: 2.5 to 3.5 min) variable inter-trial interval was used. The presentation of the tones was semi-random" no more than two consecutive tones were of the same frequency. Each conditioning session consisted of 10 CS + and 10 CS-presentations, with each animal receiving 3 sessions. The interval between the first and second session was 45 min; the interval between the second and third session was 17 h.
Post-conditioning. This phase was identical to the pre-conditioning phase, except for the use of a reinstatement procedure (e.g., Bouton & Bolles, 1979 Fig. 3 ). Subsequent tests of within-subjects contrasts revealed a significant difference between Block and later blocks (F1,5 64.6, p < .01), reflecting the decrease in amplitude across non-reinforced CS presentations, which was most marked from Block to Block 2.
DISCUSSION

Nature of the N150
The major finding of this study is the enhancement of a large late component (the N150) in response to both the CS + and the CS-after differential fear conditioning in all subjects. An Moreover, in their anticipatory fear study, Par6 and Collins (2000) also detected this component in a control condition receiving a tone-series that was never followed by a shock. What the N 150 reflects in these cases remains to be determined. But nevertheless, we did observe a significant enhancement of N 150 after conditioning, which is in accordance with the claim that this component is related to US anticipation.
In the present study, a N 150 was also present in EPs of the CS-, which seems to be at odds with an anticipation hypothesis because this stimulus was not followed by shock show differential freezing to the two types of CS.
The present study used a reinstatement procedure in the post-conditioning phase, with the aim of preventing extinction of previously formed associations. As the N 150 decreased in the course of the post-conditioning phase, we must conclude that extinction did occur, at least electrophysiologically, despite such manipulation. Apparently, extinction was so strong that it could not be counteracted by occasional reinstatement trials.
A direct neuronal index of the anticipation of an aversive stimulus was obtained by Quirk et al. (1997) . In this study, CS-elicited single-cell activity was recorded in areas of the auditory cortex that project to the LA. After fear conditioning (namely, during extinction trials), cortical unit activity as a response to the CS increased progressively from 800 ms before the time that the US had been presented during conditioning until exactly the time corresponding with the US presentation time during conditioning. This late response can therefore be interpreted as reflecting US anticipation. Interestingly, this response disappeared completely after bilateral lesions of the amygdala .
Whether and how these findings relate to the present study must be established.
Origin of the N150
In this, and several other studies (Collins & Par6, 2000; Kuniecki et al., 2002; Par6 & Collins, 2000) , a late EP component was recorded in the amygdala. Studies simultaneously recording singlecell activity and EPs using the same electrode have demonstrated that early negative and positive EP components correspond with respective increases and decreases in LA unit activity (Collins & Par6, 1999 Rogan & LeDoux, 1995 Quirk et al. (1995) (Rogan et al., 1997; Rogan & LeDoux, 1995) . Despite the longer latency of the early component found in the present study in comparison with the latter studies, the polarity of the waves and the general architecture of the EPs did not differ from the auditory EPs found by Rogan et al. and by Collins and Par6 (2000) .
Therefore, we can assume that this component reflects local amygdaloid unit activity and that fear conditioning should enhance its amplitude.
However, such an enhancement was not found, which may be due to the low number of animals on which the analysis was based and on the learning deficit observed for the rats in group 2.
Effects of acoustic frequency A robust finding was that the 10-kHz tone elicited EPs of considerably larger amplitude than did the 6-kHz tone. Bordi et al. (1993) examined the response magnitude of individual LA neurons to tones of different acoustic frequencies in the rat. So-called frequency-modulated (FM) tones were used: tones with a certain centre acoustic frequency and a range of + 2.5 kHz. FM tones with a center frequency of 5 kHz elicited weak responses from LA neurons, whereas 10-kHz FM tones elicited strong responses. This result may explain the observed difference in amplitude between EPs to the 6-and 10-kHz CSs. However, Collins and Par6 (2000) reported that in the LA of the cat, 10-kHz tones resulted in smaller EPs than did 5-kHz tones.
Polarity of the N150
Recently, Kuniecki et al. (2002) also found a late component in the amygdala after differential fear conditioning in the rat. This component had a positive voltage and correlated with CS+-elicited decelerations in heart rate. The latency is comparable to the latency in the present study and in other studies (Collins & Pard, 2000; Par6 & Collins, 2000) . It seems likely that the same component was registered in all these studies, but that its polarity is sometimes inverted, perhaps depending on the specific recording techniques (e.g., monopolar vs. bipolar, location of reference electrode). Future studies should address this issue.
CONCLUSION
In conclusion, a large late component was present after fear conditioning in CS-evoked EPs from the rat's amygdala and auditory cortex. The data presented here add to previous data suggesting that this component, at least in part, reflects the anticipation of a biologically significant event, as induced in conditioning procedures.
